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(54) Semi-directional drug delivering stents 

(57) A semi-directional drug delivery stent for selec- 
tively delivering one or more therapeutic agents to an 
area of interest within a bodily or luminal structure is dis- 
closed. In one embodiment, a semi direction drug deliv- 
ery stent includes a generally cylindrical body defining 



at least one internal passage positioned longitudinally 
therein, a non-permeable material applied to the cylin- 
drical body, and at least one therapeutic agent applied 
to the at least one of the cylindrical body and the non- 
permeable material. 
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Description 

RELATED APPLICATION 

[0001] The present application claims priority of pro- 
visional patent application number 60/574,898, filed on 
May 26th, 2004. 

FIELD OF THE INVENTION 

[0002] The present application is directed to a stent 
configured to deliver one or more therapeutic agents to 
an area of interest within a bodily or luminal structure. 
More specifically, a semi-directional drug delivery stent 
for selectively delivering one or more therapeutic agents 
to the area of interest within a bodily or luminal structure 
is disclosed. 

BACKGROUND OF THE INVENTION 

[0003] The mammalian circulatory system is com- 
prised of a heart, which acts as a pump, and a system 
of blood vessels which transports blood to various points 
in the body. For a variety of reasons, the blood vessels 
and luminal structures associated with the circulatory 
system may develop a variety of vascular disabilities or 
dysfunctions. For example, one common vascular dys- 
function, commonly known as an aneurysm, is the ab- 
normal widening of the blood vessel. Typically, aneu- 
rysms are formed as a result of the weakening of the 
wall of a blood vessel and subsequent ballooning of the 
weakened vessel wall. In contrast, stenosis is the nar- 
rowing of a lumen or an opening that occurs in organs, 
vessels, or other luminal structures within the body, 
thereby impeding or otherwise restricting the flow of 
blood therethrough. A number of physiological compli- 
cations have been associated with vascular disabilities 
or dysfunctions, such as ischemia cardiomyopathy, an- 
gina pectoris, and myocardial infarction. In response, 
several procedures have been developed for treating 
vascular disabilities or dysfunctions. 
[0004] One common method used to treat vascular 
dysfunctions requires the implantation of mechanical 
support devices, commonly referred to as "stents." 
Stents act as radially expandable mechanical scaffolds 
providing support to the incompetent vascular region. In 
addition, the stent may be coated with one or more ther- 
apeutic agents thereby providing a drug-eluding device 
capable of delivering a therapeutic agent to an area of 
interest, such as a luminal wall, within a vascular struc- 
ture. One or more grafts may be positioned on the stent 
to augment the supportive effects of the stent or to en- 
hance the therapeutic effects of the stent. While stents 
and stent-graft devices have proven successful in treat- 
ing a number of vascular dysfunctions, a number of 
shortcomings have been identified. For example, the 
targeted delivery of therapeutic agents to areas of inter- 
est within luminal structures has proven problematic. 



More specifically, current drug-eluding stents or stent- 
graft devices lack the capability to directionally deliver 
therapeutic agents to an area of repair. As a result, the 
drug or other therapeutic agent positioned on or other- 
5 wise applied to a stent are indiscriminately dispensed 
into the luminal vessel and bloodstream of a patient. As 
a general rule, the amount of therapeutic agent loaded 
on a stent is minute and does not reach systemic, toxic, 
or physiological concentrations. Consequently, drug de- 
10 livery stent designers have focused on controlling re- 
lease of the drug such that localized therapeutic levels 
are reached and have largely ignored limiting systemic 
exposure. However, restricting the diffusion of chemo- 
therapeutics into systemic circulation becomes increas- 
es ingly more important as more cytotoxic agents are used 
and/or larger drug-eluding vascular prosthetics are em- 
ployed. 

[0005] In light of the foregoing, there is an ongoing 
need for stents and stent-graft devices capable of direc- 

20 tionally delivering one or more therapeutic agents to an 
area within a vascular structure thus minimizing system- 
ic exposure and maximizing local therapeutic effect. It 
is therefore an object of the present invention to provide 
an improved stent or stent-graft device which over- 

25 comes at least partially the problems associated with the 
prior art. 

BRIEF SUMMARY OF THE INVENTION 

30 [0006] This object is solved by a device for implanta- 
tion in within a luminal body according to claim 1 and 
18, as well as a method of manufacturing a stent ac- 
cording to claim 1 9 and a method according to claim 20. 
In accordance with the present invention a semi-direc- 

35 tional drug delivery stent for selectively delivering one 
or more therapeutic agents to an area of interest within 
a bodily or luminal structure is disclosed. 
[0007] In one embodiment, a semi-direction drug de- 
livery stent includes a generally cylindrical body defining 

40 at least one internal passage positioned longitudinally 
therein, a non-permeable material applied to the cylin- 
drical body, and at least one therapeutic agent applied 
to the at least one of the cylindrical body and the non- 
permeable material. The non-permeable material is 

45 configured to act as a diffusion barrier. In one embodi- 
ment, the non-permeable material prevents the thera- 
peutic agent from diffusing into the internal passage 
formed in the stent, thereby effectively preventing the 
systemic administration of the therapeutic agent 

50 through the bloodstream and while delivering the ther- 
apeutic agent to tissue positioned proximate to the stent. 
[0008] In another embodiment, a device for implanta- 
tion in within a luminal body is disclosed and includes a 
cylindrical body defining an internal passage formed 

55 longitudinally therein, a non-permeable material applied 
to an outside surface of the cylindrical body, and at least 
one therapeutic agent applied to the non-permeable 
material. 
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[0009] A method of making a stent is also disclosed 
and includes providing a cylindrical body defining a lon- 
gitudinal internal passage, applying a non-permeable 
material to an outside surface of the cylindrical body, 
and applying at least one therapeutic agent to the non- 5 
permeable material. 

[0010] In another embodiment, a method for direc- 
tionally delivering therapeutic agents to a targeted site 
within a luminal body is disclosed and includes providing 
a stent defining a longitudinal internal passage and hav- 10 
ing a non-permeable material applied to an outside sur- 
face of the stent, the non-permeable material having at 
least one therapeutic agent applied thereto, positioning 
the stent within a luminal body, eluding the therapeutic 
agent from the non-permeable material into a wall of the *5 
luminal body, and restricting the therapeutic agent from 
eluding into the internal passage of the stent with the 
non-permeable material. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

[0011] Various embodiments of a semi-directional 
drug delivery stent will be explained in more detail by 
way of the accompanying drawings, wherein compo- 
nents having similar but not necessarily the same or 25 
identical features, may have the same reference numer- 
al, and wherein: 

[0012] Fig. 1 shows a perspective view of an embod- 
iment of a radially expandable stent; 
[001 3] Fig. 2 shows a perspective view of an embod- 30 
iment of a semi-directional drug delivery stent having a 
non-permeable graft positioned thereon; 
[0014] Fig. 2A shows a perspective view of an embod- 
iment of the semi-directional drug delivery stent wherein 
the non-permeable graft positioned thereon includes 35 
one or more surface irregularities formed thereon; 
[0015] Fig. 3 shows a cross sectional view of an em- 
bodiment of a semi-directional drug delivery stent as 
viewed along lines 4A-4A of Fig. 2; 
[0016] Fig. 4 shows a cross sectional view of an em- 40 
bodiment of a semi-directional drug delivery stent as 
viewed along lines 4B-4B of Fig. 2; 
(001 7] Fig. 5 shows a cross sectional view of another 
embodiment of a semi-directional drug delivery stent as 
might be viewed along lines 4A-4A of Fig. 2 in a stent 45 
graft similar to the embodiment shown in Fig. 2, 
[0018] Fig. 6 shows a cross sectional view of an em- 
bodiment of a semi-directional drug delivery stent im- 
planted within a luminal structure; 

[001 9] Fig. 7 shows a perspective view of an embod- 50 
iment of a semi-directional drug delivery stent having a 
non-permeable graft with a sealing layer positioned 
thereon; and 

[0020] Fig. 8 shows a perspective view of an embod- 
iment of the semi-directional drug delivery stent wherein 55 
the stent includes a distal portion having a diameter 
greater than the diameter of a medial portion. 



DETAILED DESCRIPTION 

[0021] Fig. 1 shows an embodiment of a radially ex- 
pandable stent configured to be inserted into a luminal 
structure. As shown, the stent 5 comprises a cylindrical 
body 7 having an internal surface 9 defining an internal 
passage 11, and an outer surface 13. The internal pas- 
sage 11 is coaxially positioned along the longitudinal ax- 
is L of the stent 5. In the illustrated embodiment, the 
stent 5 is comprised of a first cylindrical body member 
7A coupled to a second cylindrical body member 7B, 
thereby forming a modular radially expandable stent. In 
another embodiment, any number of cylindrical body 
members may be coupled together to form a modular 
radially expandable stent. Optionally, the stent 5 may be 
comprised of a singular cylindrical body 7. The radially 
expandable stent 5 may be manufactured in a variety of 
sizes, lengths, and diameters (inside diameters as well 
as outside diameters). Furthermore, the radially ex- 
pandable stent 5 may be manufactured from a variety 
of materials, including, without limitation, stainless steel, 
tantalum, titanium, nickel-titanium alloys, shape-memo- 
ry alloys, super elastic alloys, low-modulus Ti-Nb-Zr al- 
loys, cobalt-nickel alloy steel (MB-35N), biologically 
compatible polymers and elastomers, including non-po- 
rous, porous, and micro-porous polymers and elastom- 
ers. 

[0022] Fig. 2 shows an embodiment of a semi-direc- 
tional drug delivery stent/stent graft. As shown in Fig. 2, 
the semi-directional drug delivery stent 40 includes a cy- 
lindrical body 42 having an internal surface 44 defining 
an internal passage 46, and an outer surface 48. Like 
the previous embodiments, the internal passage 46 is 
coaxially positioned along the longitudinal axis L of the 
semi-directional drug delivery stent 40. At least one non- 
permeable membrane or graft 50 may be selectively ap- 
plied to the internal surface 44, the outer surface 48, or 
both surfaces. In one embodiment, the graft 50 is man- 
ufactured from paralyene. Optionally, the graft 50 may 
be manufactured from any variety of biologically com- 
patible materials, including, without limitation, poly- 
urethane, paralyene, polyester, Teflon, polypropylene, 
polyethylene, polyamides, polycarbonate, poly-methyl- 
methacrylate, poly-butyl-methacrylate, polyvinyl alco- 
hol, polyvinyl acetate, silicone elastomer, polytetrafluor- 
oethylene, polyacrylonitrile, polyvinyl chloride, polysty- 
rene, and polyvinyl propylene 

[0023] In the embodiment illustrated in Fig. 2 the non- 
permeable graft 50 is applied to the outer surface 48 of 
the semi-directional drug delivery stent 40 and forms a 
continuous structure. Optionally, the non-permeable 
graft 50 may be fenestrated or include one or more sur- 
face irregularities thereon. For example, the non-perme- 
able graft 50 may include one or more openings or slits 
formed thereon. In an alternate embodiment, the non- 
permeable graft 50 includes one or more attachment 
bumps or similar surface irregularities to enhance stent 
placement and attachment. Fig. 2A shows an embodi- 
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ment of the semi-directional drug delivery stent 40 
wherein the non-permeable graft 50 includes one or 
more bumps 51 formed on the outer surface of the non- 
permeable graft 50. In one embodiment, the one or more 
bumps may be formed on the non-permeable graft 50 
during the manufacture thereof. Other therapeutic 
agents that could be used in the treating aneurysms with 
an embodiment of the present invention include: ACE 
inhibitor/ARB combination therapy; Doxycycline, and 
other MMP inhibitors (i.e., tetracycline); COX-2 inhibi- 
tors; Cerivastatin; Oleic acid; Selective iNOS inhibitor 
(ON1714, BBS-2); Roxithromycin; Curcumin, gingerol; 
Beta blockers (cardioselective or carvedilol); and 
NSAIDS. 

[0024] Referring again to Fig. 2, at least one thera- 
peutic agent 52 may be applied to or otherwise disposed 
on the non-permeable graft 50. Exemplary non-perme- 
able graft 50 may be manufactured from a variety of ma- 
terials. In one embodiment, when a hydrophilic thera- 
peutic agent is being delivered to an area of interest 
within a body, a hydrophobic membrane or coating may 
be applied to a graft to prevent the diffusion of drug 
through the graft. Exemplary hydrophobic materials in- 
clude, without limitation, polyurethane, polytetrafluor- 
oethylene, fluoro base materials, polyethylene, polypro- 
pylene, polyamide, silicon, polydimethylsiloxane, silicon 
based materials, or a blend or alloy of the above mate- 
rials. In an alternate embodiment, when a hydrophobic 
drug is to be delivered, either a hydrophilic and/or a hy- 
drophobic graft or coating may be applied to the stent 
to prevent the diffusion of drug through the graft, as hy- 
drophilic materials can efficiently block the diffusion of 
drug. In addition, the hydrophobic coating can be used 
to block the diffusion of blood (with drug in it) thought 
the graft. Exemplary hydrophilic materials may include, 
without limitation, polyvinyl alcohol, poly-ethyl en e-co-vi- 
nyl alcohol, poly vinyl pyrrolidone or a blend or alloy of 
the above materials. Optionally, the non-permeable 
graft 50 may also include, without limitation, paralyene, 
Gore-Tex, or a like material. Those skilled in the art will 
appreciate that the at least one therapeutic agent 52, 
the non-permeable material 50, or both may be applied 
to the cylindrical body 42 in any number of ways, includ- 
ing, without limitation, sprayed, dipped, adhesively 
bonded, mechanically bonded, and vapor deposited. In 
an alternate embodiment, one or more therapeutic 
agents 52 may be applied to the internal surface 44, the 
outer surface 48, or the internal and outer surface 44, 
48 of the semi-directional drug delivery stent 40. As a 
result, the semi-directional drug delivery stent 40 is ca- 
pable of eluding or delivering at least one therapeutic 
agent 52 to an internal passage formed within a luminal 
structure, to the vessel wall located proximate to the out- 
er surface 48, or both. 

[0025] The term therapeutic agent as used herein 
means any component for use in animals having a de- 
sired effect. Non-limiting examples include, without lim- 
itation, paralyene, anticoagulants, such as an RGD pep- 



tide-containing compound, heparin, antithrombin com- 
pounds, platelet receptor antagonists, anti-thrombin an- 
tibodies, anti-platelet receptor antibodies, aspirin, pro- 
taglandin inhibitors, platelet inhibitors, or tick anti-plate- 
5 let peptide. Other classes of agents include vascular cell 
antiproliferative agents, such as a growth factor inhibi- 
tor, growth factor receptor antagonists, transcriptional 
repressor or translational repressor, antisense DNA, an- 
tisense RNA, replication inhibitor, inhibitory antibodies, 
antibodies directed against growth factors, cytotoxic 
agents, cytoskeleton inhibitors, peroxisome proliferator- 
activated receptor gamma agonists, molecular chaper- 
one inhibitors and bifunctional molecules. The thera- 
peutic agents can also include cholesterol-lowering 
agents, vasodilating agents, and agents which interfere 
with endogenous vasoactive mechanisms. Other exam- 
ples of agents can include anti-inflammatory agents, an- 
ti-platelet or fibrinolytic agents, anti-neoplastic agents, 
anti-allergic agents, anti-rejection agents, metalopro- 
tease inhibitors, anti-microbial or anti-bacterial or anti- 
viral agents, hormones, vasoactive substances, anti-in- 
vasive factors, anti-cancer drugs, antibodies and lym- 
phokines, anti-angiogenic agents, radioactive agents 
and gene therapy drugs, among others/ 
[0026] Specific non-limiting examples of agents that 
fall under one or more of the above categories include 
paclitaxel, docetaxel and derivatives, epothilones, nitric 
oxide release agents, heparin, aspirin, Coumadin, D- 
phenylalanyl-prolyl-arginine chloromethylketone 
(PPACK), hirudin, polypeptide from angiostatin and en- 
dostatin, benzoquinone ansamycins including geldan- 
amycin, herbimycin and macbecin, methotrexate, 
5-fluorouracil, estradiol, P-selectin Glycoprotein ligand- 
1 chimera, abciximab, exochelin, eleutherobin and sar- 
codictyin, fludarabine, sirolimus, rapamycin, ABT-578, 
certican, Sulindac, tranilast, thiazolidinediones includ- 
ing rosiglitazone, troglitazone, pioglitazone, darglita- 
zone and englitazone, tetracyclines, VEGF, transform- 
ing growth factor (TGF)-beta, insulin-like growth factor 
(IGF), platelet derived growth factor (PDGF), fibroblast 
growth factor (FGF), RGD peptide, estrogens including 
17 beta-estradiol and beta or gamma ray emitter (radi- 
oactive) agents, and various marking agents including 
radio-opaque, echogenic, and magnetically resonating 
materials. 

[0027] Referring again to Fig. 2, the therapeutic agent 
52 located on the non-permeable graft 50 of the semi- 
directional drug delivery stent 40 is restricted or other- 
wise prevented from diffusing into the internal passage 
46 formed therein by the non-permeable characteristics 
of the non-permeable material 50. Those skilled in the 
art will appreciate that the non-permeable material may 
be applied to the internal surface 44, outer surface 48, 
or both the internal and outer surfaces 44, 48, respec- 
tively, of the cylindrical body 40. In an alternate embod- 
iment, at least one therapeutic agent may be applied to 
the cylindrical body of the semi-directional drug delivery 
stent prior to the application of the non-permeable ma- 
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terial. For example, paralyene may be applied the stent 
prior to or following the application of the non-permeable 
material. 

[0028] Fig. 3 shows a detailed cross-sectional view of 
an embodiment of the cylindrical body. As shown, the 5 
body segment 60 includes a cylindrical body portion 62 
having a non-permeable material 64 applied to an outer 
surface 66 thereof. At least one therapeutic agent 68 
may be selectively applied to the non-permeable mate- 
rial 64. The internal surface 70 of the cylindrical body 10 
portion 62 defines an internal lumen section 72. As 
shown in Fig. 3, the therapeutic agent 68 located on the 
non-permeable material 64 is dispensed in outward di- 
rection as shown by arrow 74 from the cylindrical body 
portion 62. More specifically, the non-permeable mate- 15 
rial 64 prevents the therapeutic agent from being dis- 
pensed within the internal lumen section 72, thereby di- 
rectionally delivering the therapeutic agent 68. When 
positioned within a luminal structure, the therapeutic 
agent 68 will be directionally dispensed into tissue in 20 
contact with or positioned proximate to the body seg- 
ment 60. 

[0029] Fig. 4 shows a cross-sectional view of an em- 
bodiment of semi-directional drug delivery stent. As 
shown, the stent 80 includes a cylindrical body 82 hav- 25 
ing an internal surface 84 defining an internal passage 
86, and an outer surface 88 having a non-permeable 
material 90 applied thereto. At least one therapeutic 
agent 92 may be selectively applied to the non-perme- 
able material 90. The therapeutic agent 92 positioned 30 
on the non-permeable material 90 will be directionally 
eluded outwardly from the stent 80 as illustrated by ar- 
rows 94. Optionally, at least one therapeutic agent 96 
may be applied to the cylindrical body 82. For example, 
at least one therapeutic agent 96 may be applied to the 35 
internal surface 84 of the cylindrical body 82 thereby 
permitting the therapeutic agent 96 to be dispensed into 
the internal passage 86 as illustrated by arrows 98. As 
a result, the semi-directional drug delivery stent 80 may 
be used to directionally deliver a therapeutic gauge into *o 
surrounding vascular tissue or vessel walls, into the ves- 
sel lumen, or both simultaneously if desired. An alter- 
nate embodiment, at least one therapeutic agent 92 may 
be applied to the surrounding vascular tissue or vessel 
walls while an alternate therapeutic agent 96 is deliv- 45 
ered into the bloodstream of a patient. 
[0030] Fig. 5 shows an alternate embodiment of a cy- 
lindrical body section 100 of the semi-directional drug 
delivery stent. As shown in Fig. 5, the cylindrical body 
section 1 00 includes a cylindrical body portion 1 02 hav- 50 
ing an internal surface 104 defining an internal lumen 
section 106. At least one non-permeable material 108 
may be selectively applied to the internal surface 104 of 
the cylindrical body portion 102 and located within the 
internal lumen section 106. The cylindrical body portion 55 
1 02 further includes an outer surface 1 1 0 having at least 
one therapeutic agent 112 selectively applied thereto. 
Like the previous embodiments, the non-permeable ma- 
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terial 1 08 directionally restricts the disbursement of the 
therapeutic agent 112 as illustrated by arrow 114. 
[0031] Fig. 6 shows a side cross-sectional view of a 
semi-directional drug delivery stent 120 positioned with- 
in a luminal structure 122. As shown, the luminal struc- 
ture 122 includes an aneurismal sac 124. The stent 120 
includes a cylindrical body 126 having an internal sur- 
face 128 defining an internal passage 1 30 therethrough. 
Further, the outer surface 1 32 of the cylindrical body 1 26 
includes a non-permeable material 134 applied thereto. 
At least one therapeutic agent 1 36 may be applied to 
the stent 120. In the illustrated embodiment, the thera- 
peutic agent 136 is applied to an outer surface of the 
non-permeable material 134. However, the therapeutic 
agent 136 may be applied to the internal surface 128, 
the outer surface 132, the non-permeable material 134, 
or any combination thereof. As shown in Fig. 6, the ther- 
apeutic agent 136 applied to the outer surface of the 
non-permeable material 134 is eluded into the walls of 
the luminal structure 122 and the aneurismal sac 124, 
thereby directionally delivering the therapeutic agent 
136 as illustrated by directional arrow 138. When im- 
planted in a blood vessel, the semi-directional drug de- 
livery stent 120 permits the directed delivery of drugs to 
a selected area within a luminal structure, while permit- 
ting the flow of blood to the internal passage 128 as il- 
lustrated by directional arrow 140. 
[0032] Optionally, the semi-directional drug delivery 
stent/stent graft may include one or more materials ap- 
plied thereto or one or more areas formed thereon con- 
figured to restrict or prevent the flow of blood through a 
space between the stent/stent graft and the vessel wall 
when implanted. As such, the semi-directional drug de- 
livery stent/stent graft may be configured to restrict or 
prevent endovascular leakage around the stent/stent 
graft once implanted within a vascular region. For ex- 
ample, Fig. 7 shows an embodiment of a semi-direction- 
al drug delivery stent 140 comprising a cylindrical body 
142 having an internal surface 144 defining an internal 
passage 146, and an outer surface 148. Like the previ- 
ous embodiments, the internal passage 146 is coaxially 
positioned along the longitudinal axis L of the semi-di- 
rectional drug delivery stent 140. At least one non-per- 
meable membrane or graft 1 50 having one or more ther- 
apeutic agents 1 52 applied thereto is selectively applied 
to the outer surface 148 of the cylindrical body 142. At 
least one sealing layer may be selectively applied to the 
stent membrane or graft 150. In the illustrated embodi- 
ment a first sealing layer 1 56 is positioned on a first por- 
tion 1 54 of the graft 1 50, and a second sealing layer 1 60 
is positioned to a second portion 158 of the graft 150. 
Optionally, any number of sealing layers may be applied 
to the graft 150 at various locations. During use, the 
sealing layers 156, 160 may be configured to provide 
an essentially fluid-tight seal over at least a circumfer- 
ential portion of the stent/stent graft. Optionally, the seal- 
ing layer may be applied to a portion of the stent/stent 
graft less than the entire stent/stent graft. In the alterna- 
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is manufactured from at least one material selected 
from the group consisting of stainless steel, Titani- 
um, Nickel-Titanium alloys, shape memory alloys, 

5 3. The device of claim 1 or 2 wherein the cylindrical 
body further comprises at least two modular stent 
bodies coupled together to form a unitary structure. 

4. The device of any of the preceding claims wherein 
10 the non-permeable material comprises a biological- 
ly compatible material selected from a group con- 
sisting of polyurethane, paralyene, polyester, Te- 
flon, polypropylene, polyethylene, polyamides, 
polycarbonate, poly-methyl-methacrylate, poly- 
*5 butyl-methacrylate, polyvinyl alcohol, polyvinyl ac- 
etate, silicone elastomer, polytetrafluoroethylene, 
polyacrylonitrile, polyvinyl chloride, polystyrene, 
and polyvinyl propylene. 

20 5. The device of any of the preceding claims wherein 
the non-permeable material is selectively applied to 
a portion of the cylindrical body. 

6. The device of any of the preceding claims wherein 
25 the non-permeable material is applied to an outside 

surface of the cylindrical body. 

7. The device according to any of claims 1 to 5 wherein 
the non-permeable material is applied to an inside 

30 surface of the cylindrical body. 

8. The device of any of the preceding claims wherein 
the non-permeable material is applied to an entire 
length of the cylindrical body. 

35 

9. The device of any of claims 1 to 7 wherein the non- 
permeable material is applied to a portion of the cy- 
lindrical body less than the entire length of the cy- 
lindrical body. 

40 

10. The device of any of the preceding claims wherein 
the non-permeable material comprises a coating 
applied to the cylindrical body. 



tive, the sealing layer may be applied to the entire stent/ 
stent graft. Exemplary materials useful in forming the 
sealing layer include, without limitation, hydrogels, non- 
permeable materials, and the like. For example, United 
States Patent No. 6,656,214, issued to Fogarty et al, 
which is hereby incorporated by reference in its entirety 
herein, describes various methods and devices useful 
in preventing endovascular leakage around an implant- 
ed device. More specifically, Col. 6, lines 35 through Col. 
8, line 41 describes configurations and materials useful 
in preventing endovascular leakage which may be ap- 
plied to the stent/stent graft of the prevent application. 
[0033] Fig. 8 shows an alternate embodiment of a 
semi-directional drug delivery stent/stent graft config- 
ured to be implanted within a vascular structure while 
limiting endovascular leakage therearound. Like the 
previous embodiment, the stent 240 includes a cylindri- 
cal body 242 having an internal surface 244 defining an 
internal passage 246, and an outer surface 248. At least 
one non-permeable membrane or graft 250 having one 
or more therapeutic agents 252 applied thereto is selec- 
tively applied to the outer surface 248 of the cylindrical 
body 242. The stent 240 has a distal portion 260 and a 
medial portion 262. As illustrated, the distal portion may 
have a first diameter D1 which is greater than the diam- 
eter D2 of the medial portion. As such, the distal portion 
260 may sealably engage the vascular lumen when ex- 
panded, thereby preventing or limiting the effects of en- 
dovascular leakage. Optionally, the distal portion 260 
may include one or more sealing layers thereon. Fur- 
ther, any number of devices or other mechanism may 
be utilized with the various embodiments of the stents/ 
stent grafts disclosed herein to prevent or otherwise re- 
strict endovascular leakage. 

[0034] In closing, it is understood that the embodi- 
ments of the semi-directional drug delivery stent dis- 
closed herein are illustrative of principles of the inven- 
tion. Other modifications may be employed which are 
within the scope of the present invention. Accordingly, 
the semi-directional drug delivery stent is not limited to 
that precisely as shown and described in the present 
disclosure. 



Claims 

1. A device for implantation in within a luminal body, 
comprising; 

a generally cylindrical body defining at least 
one internal passage positioned longitudinally 
therein; 

a non-permeable material applied to the cy- 
lindrical body; and 

at least one therapeutic agent applied to the 
at (east one of the cylindrical body and the non-per- 
meable material. 

2. The device of claim 1 wherein the cylindrical body 



45 11. The device of claim 1 0 wherein the non-permeable 
material coating is applied to the cylindrical body us- 
ing at least one method selected from the group 
consisting of sprayed, dipped, and vapor-deposit- 
ed. 

50 

12. The device of any of the preceding claims wherein 
the non-permeable material comprises a mem- 
brane applied to the cylindrical body. 

55 13. The device of any of the preceding claims wherein 
the therapeutic agent is selected from the group 
consisting of paralyene, anticoagulants, RGD pep- 
tide-containing compounds, heparin, antithrombin 
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compounds, platelet receptor antagonists, anti- 
thrombin antibodies, anti-platelet receptor antibod- 
ies, aspirin, protaglandin inhibitors, platelet inhibi- 
tors, tick anti-platelet peptide, vascular cell antipro- 
liferative agents, growth factor inhibitors, growth 5 
factor receptor antagonists, transcriptional repres- 
sor, translational repressor, antisense DNA, anti- 
sense RNA, replication inhibitor, inhibitory antibod- 
ies, antibodies directed against growth factors, cy- 
totoxic agents, cytoskeleton inhibitors, peroxisome 10 
proliferator-activated receptor gamma agonists, 
molecular chaperone inhibitors, bifunctional mole- 
cules, cholesterol-lowering agents, vasodilating 
agents, agents which interfere with endogenous va- 
soactive mechanisms, anti-inflammatory agents, *5 
anti-platelet, anti-fibrinolytic agents, anti-neoplastic 
agents, anti-allergic agents, anti -rejection agents, 
metaloprotease inhibitors, anti-microbial or anti- 
bacterial, anti-viral agents, hormones, vasoactive 
substances, anti-invasive factors, anti-cancer 20 
drugs, antibodies, lymphokines, anti-angiogenic 
agents, radioactive agents, gene therapy drugs, pa- 
clitaxel, docetaxel, docetaxel derivatives, epothi- 
lones, nitric oxide release agents, heparin, aspirin, 
Coumadin, D-phenylalanyl-prolyl-arginine chlo- 25 
romethylketone (PPACK), hirudin, polypeptide from 
angiostatin, polypeptide from endostatin, benzoqui- 
none ansamycins, geldanamycin, herbimycin, 
macbecin, methotrexate, 5-fIuorouracil, estradiol, 
P-selectin Glycoprotein ligand-1 chimera, abcixi- 30 
mab, exochelin, eleutherobin, sarcodictyin, fludara- 
bine, sirolimus, rapamycin, ABT-578, certican, 
Sulindac, tranilast, thiazolidinediones, rosiglita- 
zone, troglitazone, pioglitazone, darglitazone, eng- 
litazone, tetracyclines, VEGF, transforming growth 35 
factor (TGF)-beta, insulin-like growth factor (IGF), 
platelet derived growth factor (PDGF), fibroblast 
growth factor (FGF), RGD peptide, estrogens, 17 
beta-estradiol, beta gamma ray emitter (radioac- 
tive) agents, gamma ray emitter (radioactive) *o 
agents, and various marking agents including radio- 
opaque, echogenic, ACE inhibitor/ARB combina- 
tion therapy, Doxycycline and other MMP inhibitors 
(i.e., tetracycline); COX-2 inhibitors, Cerivastatin, 
Oleic acid, Selective iNOS inhibitor (ON1 714, BBS- 45 
2), Roxithromycin, Curcumin - gingerol, Beta block- 
ers (cardioselective or carvedilol), NSAIDS and 
magnetically resonating materials. 

14. The device of any of the preceding claims wherein so 
the therapeutic agent is applied to the cylindrical 
body. 

15. The device of any of the preceding claims wherein 

the therapeutic agent is applied to the non-perme- 55 
able material. 

16. The device of any of the preceding claims wherein 



the therapeutic agent is applied to the cylindrical 
body and the non-permeable material. 

17. The device of any of the preceding claims wherein 
at least one therapeutic agent is applied to the cy- 
lindrical body and at least one other therapeutic 
agent is applied to the non-permeable material. 

18. A device for implantation in within a luminal body, 
comprising; 

a cylindrical body defining an internal pas- 
sage formed longitudinally therein; 

a non-permeable material applied to an out- 
side surface of the cylindrical body; and 

at least one therapeutic agent applied to the 
non-permeable material. 

19. A method of making a stent, comprising: 

providing a cylindrical body defining a longitu- 
dinal internal passage; 

applying a non-permeable material to an out- 
side surface of the cylindrical body; and 
applying at least one therapeutic agent to the 
non-permeable material. 

20. A method for directionally delivering therapeutic 
agents to a targeted site within a luminal body, com- 
prising: 

providing a stent defining a longitudinal internal 
passage and having a non-permeable material 
applied to an outside surface of the stent, the 
non-permeable material having at least one 
therapeutic agent applied thereto; 
positioning the stent within a luminal body; 
eluding the therapeutic agent from the non-per- 
meable material into a wall of the luminal body; 
and 

restricting the therapeutic agent from eluding 
into the internal passage of the stent with the 
non-permeable material. 
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